Spectral characterization of diarylpropane oxygenase, a novel peroxide-dependent, lignin-degrading heme enzyme.
Diarylpropane oxygenase, an H2O2-dependent lignin-degrading enzyme from the basidiomycete fungus Phanerochaete chrysosporium, catalyzes the oxygenation of various lignin model compounds with incorporation of a single atom of dioxygen (O2). Diarylpropane oxygenase is also capable of oxidizing some alcohols to aldehydes and/or ketones. This enzyme (Mr = 41,000) contains a single iron protoporphyrin IX prosthetic group. Previous studies revealed that the Soret maximum of the ferrous-CO complex of diarylpropane oxygenase is at approximately 420 nm, as in ferrous-CO myoglobin (Mb), and not like the approximately 450 nm absorption of the CO complex of the ubiquitous heme monooxygenase, cytochrome P-450. This spectral difference between two functionally similar heme enzymes is of interest. To elucidate the structural requirements for heme iron-based oxygenase reactions, we have compared the electronic absorption, EPR, and resonance Raman (RR) spectral properties of diarylpropane oxygenase with those of other heme proteins and enzymes of known axial ligation. The absorption spectra of native (ferric), cyano, and ferrous diarylpropane oxygenase closely resemble those of the analogous myoglobin complexes. The EPR g values of native diarylpropane oxygenase, 5.83 and 1.99, also agree well with those of aquometMb. The RR spectra of ferric diarylpropane oxygenase have their spin- and oxidation-state marker bands at frequencies analogous to those of aquometMb and indicate a high-spin, hexacoordinate ferric iron. The RR spectra of ferrous diarylpropane oxygenase have frequencies analogous to those of deoxy-Mb that suggest a high-spin, pentacoordinate Fe(II) in the reduced form. The RR spectra of both ferric and ferrous diarylpropane oxygenase are less similar to those of horseradish peroxidase, catalase, or cytochrome c peroxidase and are clearly distinct from those of P-450. These observations suggest that the fifth ligand to the heme iron of diarylpropane oxygenase is a neutral histidine and that the iron environment must resemble that of the oxygen transport protein, myoglobin, rather than that of the peroxidases, catalase, or P-450. Given the functional similarity between diarylpropane oxygenase and P-450, this work implies that the mechanism of oxygen insertion for the two systems is different.